We have tested the effect of the culture medium of chicken embryo fibroblasts (CEF) transformed by Rous sarcoma virus (RSV) on plasminogen activator (PA) activity of normal and RSV-infected cells. The results obtained showed that fibrin digestion by cultures of normal uninfected and RSV-infected cells directly attached to a fibrin substrate was increased when the cells were exposed to the supernatant of an 18 hculture of CEF transformed by RSV. Addition of cycloheximide to the supernatant completely abolished this effect. Similarly, exposure of both normal and RSV-infected cells to the culture medium of RSV-transformed CEF resulted in a marked increase of the soluble PA activity present in the supernatant. This effect, however, was not abolished by inhibition of protein synthesis. For both the cell-bound and soluble PA activities of normal and RSV-infected cells the stimulatory effect was transient, being maximal between 8 and 12 h of exposure to the transformed cell-conditioned medium and disappearing after 24 h. A possible correlation with transformation-enhancing factor(s), previously reported to be present in the culture medium of transformed cells, is discussed.
INTRODUCTION
The synthesis and secretion of a serine protease that activates plasminogen to plasmin has been shown to be a characteristic of many different cell types. On the one hand, production of plasminogen activator(s) (PA) is a physiological activity shared by many 'normal' cells (Granelli-Piperno et al., 1977; Levin & Loskutoff, t980; Loskutoff & Edgington, 1977; Ossowski et al., 1979; Strickland & Beers, 1976; Vassalli et al., 1976) , in some of which it appears that the synthesis of this enzyme fluctuates with the physiological status of the cell (Ossowski et al., 1979; Vassalli et al., 1976) and can be modulated by certain hormones (Beers et al., 1975; Ossowski et al., 1979; Strickland & Beers, 1976) , by mitotic inhibitors and cyclic nucleotides (Vassalli et aL, 1976) , and by some growth factors, such as the epidermal growth factor (Lee & Weinstein, 1979 ) and the colony-stimulating factor (Lin & Gordon, 1979) .
On the other hand, the association of fibrinolytic activities with malignant transformation has been known for a long time (Fisher, 1925) . PA synthesis and secretion have been shown to be elevated in human neoplastic cells (Camiolo et al., 1981 ; Corasanti et aL, 1980; Evers et al., 1982; Markus et al., 1980; Nagy et al., 1977; Recklies et al., 1980; Tucker et al., 1978 ; Wilson & Dowdle, 1978; Wilson et al., 1980) , in cells transformed by oncogenic viruses (Unkeless et al., 1973 (Unkeless et al., , 1974 Ossowski et al., 1973 Ossowski et al., , 1974 Christman & Acs, 1974; Pollack et al., 1974; Adelman et al., 1980) and chemicals, and in many tumorigenic cell lines (for reviews see Reich, 1975; Rifkin et al., 1975; Brynes et al., 1980; Quigley et al., 1980) . The early appearance of this enzymatic activity during in vitro cell transformation has been demonstrated through the use of virus mutants that are temperature-sensitive for transformation (Unkeless et al., 1973) .
0022-1317/82/0000-5132 $02.00 O 1982 SGM PA is actively secreted by the cells and is found in a soluble form in the culture medium (Unkeless et al., 1973; Ossowski et al., 1973; ; it also exists in a cellbound form which appears to be firmly associated with specific membranes (Jaken & Black, 1978; O'Donnel-Tormey & Quigley, 1981; Quigley, 1976; Solomon et al., 1980) . Physical agents that induce DNA damage (Miskin & Reich, 1980) , certain proteases, including plasmin and trypsin (Werb & Aggeler, 1978) , the epidermal growth factor (Lee & Weinstein, 1978) , retinoic acid and a class of compounds known as tumour promoters, namely the phorbol esters (Moscatelli et al., 1980; Wigler & Weinstein, 1976; Wilson & Reich, 1978) , have been reported to induce production of PA in cultures of normal cells. Retinoic acid and some potent tumour promoters, such as PMA, also synergistically enhance PA production in fibroblasts and myoblasts transformed by Rous sarcoma virus (Miskin et al., 1978; Quigley, 1979; Wilson & Reich, 1978) ; and, in the case of RSV-transformed chick fibroblasts, the direct catalytic involvement of PA has been shown in the induction of certain phenotypic properties (Quigley, 1979) .
The culture medium of primary cells transformed by oncogenic viruses and of tumour cell lines has been reported to possess an activity which enhances cell transformation induced by a defective strain or by temperature-sensitive (ts) mutants of RSV (Kryc6ve et al., 1976 . This activity has been referred to as transformation-enhancing factor (TEF), and the presence of a functionally similar activity has been demonstrated in the plasma of tumour patients (Barlati et al., 1978; Mignatti et al., 1980) . More recently, it has been shown that TEF acts on cell transformation by complementing the expression of some features of transformation dependent on the src gene, namely disorganization of cytoskeleton and loss of cell surface-associated fibronectin (Kryc6ve et al., 1981) , and that proteolytic fragments of fibronectin show a TEF or TEF-like activity (De Petro et al., 1981) .
In the present work, we have checked the possibility that the culture medium of RSVtransformed chick embryo fibroblasts, a TEF-containing medium, may also act on PA activity of normal and virus-infected cells. The results obtained showed that the supernatant from cultures of RSV-transformed cells enhances both soluble and cell-bound PA activity, of both normal and RSV-infected chick embryo fibroblasts.
METHODS
Cells, virus and media. Primary and secondary cultures of chicken embryo fibroblasts (CEF) were prepared as previously described (Kryceve et al., 1976) .
In all experiments, only secondary cultures of CEF were used, either uninfected or infected by the temperaturesensitive mutant of Rous sarcoma virus (RSV), ts NY 68 (Kawai & Hanafusa, 1971) .
Unless otherwise indicated, primary and secondary cultures of CEF were grown in Eagle's Minimum Essential Medium (MEM) supplemented with 5% newborn calf serum (Gibco) and 10% tryptose-phosphate broth (TPB).
Conditioned media. Secondary CEF, either uninfected or massively infected by ts NY 68, were seeded into 10 cm culture plates (3 x 10 ° cells/plate) in Eagle's MEM supplemented as above, and incubated at 37 °C in a humidified 59/0 CO2 atmosphere. After 5 to 6 days" incubation, at least 80 to 90~ of the cells in the infected cultures appeared to be morphologically transformed. The culture medium was then removed and, after extensive washing of the cultures with phosphate-buffered saline (PBS), it was replaced with serum-and TPB-free Eagle's MEM. Conditioned media were collected after 18 to 24 h of further incubation at 37 °C and centrifuged at 3.5 × 103 g for 10 min to clear them of floating cells and most cell debris. As a control, ts NY 68-infected, but untransformed CEF parallel cultures were incubated at 41 °C (restrictive temperature for transformation) and the medium was conditioned at this temperature in the same way as for the cultures kept at 37 °C.
Unconditioned medium used as a control was serum-and TPB-free Eagle's MEM incubated at 37 °C for an equivalent time in the absence of cells.
Harvested fluids were stored at 4 °C or, if not to be assayed within the following 24 h, frozen at -70 °C.
Assays Jbr plasminogen activator activi O,
Plasminogen activator (PA) activity was assayed by the t ZSl-fibrin layer technique previously described (Unkeless et al., 1973) . For detecting the effect of conditioned media on cell-bound and on soluble PA activity produced by normal and by ts NY 68-infected CEF, two different assays were devised.
Assco'[br cell-bound PA activity. Normal uninfected and ts NY 68-infected CEF, grown at 41 °C since seeding, were detached by gentle trypsinization in the presence of EDTA. After appropriate dilution, 5 × 10 * cells were seeded into ~25I-fibrin coated (approx. l0 s ct/min) 200 mm 2 wells (Costar) in 0.5 ml Eagle's MEM supplemented with 10~ foetal calf serum. The cultures were reincubated at 41 °C, and 24 h later were usually confluent. They were washed three times with PBS and reincubated at 41 °C in the same buffer for another hour in order to eliminate most residual foetal calf serum. The saline was then replaced by 0-5 ml of either unconditioned, normal CEF-conditioned, or ts NY 68-conditioned medium supplemented with 2.5~ chicken serum as a source of homologous plasminogen. As indicated in Results, the experiments were performed either in the presence or in the absence of l0 Ixg/ml cycloheximide. The cultures were subsequently shifted down to 37 °C (permissive temperature for transformation), and, at the time intervals indicated, 50 I11 aliquots of the supernatants were withdrawn for measurements of soluble ~25I-fibrin degradation products, or, in other experiments, the whole medium was removed and replaced with an equal volume of the corresponding harvest or control fluid, supplemented with chicken serum at the time of addition. In either case, portions of the assay supernatants were diluted in an adequate volume of scintillation solution, and the ~ 2sI solubilized was measured in a Packard scintillation counter.
Assay for soluble PA activity. Normal uninfected and ts NY 68-infected CEF were seeded as described above, into wells without the ~25I-fibrin layer. All assay procedures were as indicated for the detection of cell-bound activity, the only difference being that in assay media, chicken serum was omitted. At the time intervals indicated, after the temperature shift-down the supernatants were completely removed and replaced with equivalent volumes of the corresponding media, and the PA activity was subsequently assayed in cell-free ~ 251-fibrin-coated wells after addition of 2.5 ~ chicken serum (final concentration). These supernatants were tested for PA activity either undiluted or diluted 1 : 3 in 0-1 M-Tris-HCI buffer pH 8.l ; under the latter assay condition the kinetics of fibrin digestion were linear from 0 to 6 h of incubation at 37 °C. The values reported in the figures are plateau values after subtraction of background radioactivity solubilized by control medium under the same assay conditions.
Since the culture medium of ts NY 68-transformed cells was expected to contain PA activity in a soluble form, control samples of this supernatant were incubated in test wells without cells and the ~ 251-fibrin layer for the same time periods as the assay intervals, and then tested for PA activity in ~ 25I-fibrin-coated wells at the same time and under the same experimental conditions as the assay samples.
In both assays for PA activity, duplicate test wells were used; the data reported refer to the means of the two values independently obtained for each sample. The variability observed between parallel wells was about 10~o.
RESULTS
The effect of transformed cell-conditioned medium on ceU-bound PA activity was assayed as described in Methods. The results obtained are reported in Fig. 1 .
As shown for both ts NY 68-infected (1 a) and uninfected CEF (1 c), the PA activity elicited between 0 and 4 h was the same in the presence of control or of conditioned medium. At later intervals, however, from 6 to 10 h, the PA activity measured was higher in the presence of the transformed cells supernatant than in control medium. The activity produced by normal CEF in control medium reached a plateau at 6 h after the temperature shift-down, whereas in the presence of the transformed cells supernatant, it continued to increase, and at 10 h the amount of J25I-fibrin digested was more than twice that in control medium.
In the case of ts NY 68-infected CEF (1 a), the PA activity increased during the experiment but with clearly different kinetics in samples with the transformed cells supernatant and with the control medium. Ten h after the temperature shift-down, the total amount of 125I-fibrin solubilized was nearly twice as high in the presence of the former than in the latter medium.
For both normal uninfected and ts NY 68-infected CEF, the kinetics obtained were significantly linear (P < 0.01) between 4 and 10 h in the presence of either the control or the conditioned medium. The differences in PA activity elicited under different conditions could then be estimated by comparing the slopes of the kinetics in this time range. Such an estimate indicated that the PA activity elicited in the presence of the transformed cells supernatant was twice as high for ts NY 68-infected cells, and six times as high for normal uninfected CEF as in control medium.
In order to rule out the possibility that the observed increase of PA activity might be due to the presence of a soluble activity in the supernatant of transformed cells, parallel samples were tested after addition to assay media of 10 ~tg/ml cycloheximide which, on its own, does not inhibit PA activity. As shown in Fig. 1 (b, and d) , no differences were evident between the PA activity elicited in the presence of the control or the transformed cells-conditioned medium. The kinetics maintained similar plateau levels after 4 h incubation for both normal uninfected and ts NY 68-infected CEF. It must be pointed out that, in a cell-free system, the PA activity of the culture medium of ts NY 68-transformed CEF could be estimated to be approximately 50 times that of a control medium. The results shown in Fig. 2 and 3 are from experiments in which the cell-bound and the soluble PA activities were tested at the same time with the same stock of normal uninfected and ts NY 68-infected CEF seeded into 12sI-fibrin-coated or into uncoated wells respectively. These two figures will be discussed together. The supernatants were completely removed in both systems for measurement of PA activity at the times shown after the temperature shift-down, and were replaced with the equivalent media stored at 4 °C throughout the experiment. As shown (Fig. 2  and 3, a and d) , the effect of the transformed cells-conditioned medium on cell-bound PA activity was comparable to that reported above. For either uninfected or infected CEF, the maximum PA activity was elicited between 4 and 8 h of exposure to the transformed cells supernatant and remained constant between 8 and 12 h; it then declined to control values. This activity was significantly higher than that expected from adding the activity elicited by the transformed cells supernatant during a 4 h assay in a cell-free system to that produced by assay cells in control medium (dotted lines). No effect was measurable in the presence of cycloheximide. A parallel effect of enhancement by the transformed cells culture medium was shown for soluble PA activity (Fig. 2 and 3 , b, c, e and f). The supernatants, after exposure to the assay cells, were tested either undiluted (b and e), i.e. virtually under the same conditions as in the assay for cell-bound activity, and after a 1:3 dilution in 0.1 i-Tris-HC1 pH 8.1 (c and f).
No significant differences were found in the rate of PA activity of any of the undiluted media exposed either to normal or to infected CEF (b and e). On the contrary, after dilution in the assay buffer (c and f), the PA activity of the transformed cells supernatant exposed both to normal uninfected and to ts NY 68-infected CEF was significantly higher than expected by summing the amounts of soluble PA activity present in the harvest medium with that produced by assay cells in control medium (dotted lines). It should, further, be remarked that the PA activity of the transformed cells supernatant was almost halved after incubation at 37 °C for 12 h in the absence of assay cells compared to that incubated for 4 h. In the presence of cycloheximide (f) the maximum PA activity was elicited between 0 and 4 h in the transformed cells supernatant and then gradually decreased to control values at 24 h. In both control and normal uninfected cells-conditioned media, virtually no activity could be detected under these conditions. In some samples the radioactivity solubilized was lower than the background, and this accounts for the negative values indicated in the Fig. 2 and 3 .
A similar enhancing effect of the transformed cells-conditioned medium could be shown on normal uninfected cells (Fig. 3 c, f) . The effect was maximal between 8 and 12 h of exposure, either in the presence (f) or in the absence (c) of cycloheximide, and declined after 12 h in both cases. No PA activity could be measured under these conditions in control supernatants. The soluble PA activity of the transformed cells-conditioned medium exposed to the assay normal uninfected cells between 4 and 12 h was three to four times higher than that of the same medium incubated for the corresponding times in the absence of ceils (dotted lines).
Under all assay conditions, either for cell-bound and soluble PA activity the effect of the supernatant of ts NY 68-infected but untransformed CEF (cultured at 41 °C) was the same as that of the normal CEF conditioned medium on both uninfected and infected cells (not shown in the figures).
DISCUSSION
The data reported show that the culture medium of RSV-transformed cells, which has previously been shown to enhance transformation of cells infected by RSV mutants, acts on normal uninfected and RSV-infected cells by increasing both cell-bound and soluble PA activity.
Two different experimental systems were used to show these effects. The assay for cell-bound PA was shown not to be influenced by the presence of soluble PA activity in the supernatant. Indeed, the major objection that could be made to this experimental system is that, since the supernatant of transformed cells contains PA, one is measuring both this soluble activity and the one which may be produced by assay cells at the same time. However, inhibition of protein synthesis was shown to abolish 125I-fibrin digestion completely, to background levels, even in the presence of a PA-active supernatant, thus providing evidence that the activity actually measured under the assay conditions was the one produced by assay ceils and not that present in the supernatant in a soluble form. This is probably because since assay cells spread over the 1251. fibrin filaments, the insoluble substrate is not accessible to a cell-free enzyme present in the culture medium. Moreover, the activity elicited under the assay conditions was two to seven times higher than that expected by adding the PA activity measurable in the transformed cells supernatant to that produced by assay cells in control medium. This effect is evident not only on RSV-infected, but also on normal uninfected cells, which normally do not produce any detectable PA activity.
A possible explanation for the enhancement of PA activity in normal cells might be that they become infected by the virus present in the transformed cells supernatant. This turned out not to be the case under the experimental conditions used: indeed, the supernatant of ts NY 68-infected CEF grown at 41 °C (restrictive temperature for transformation but not for virus replication), which contained virus, did not show any effect on the PA activity either of normal uninfected or of infected cells. These latter cells, moreover, being massively infected, were refractory to superinfection.
The experimental conditions for detection of soluble PA only showed the activity present in and/or released by assay cells into the supernatant, without the interference of the cell-bound one. The supernatants exposed to assay cells showed very little or only background activity and no difference from control media when tested undiluted. This provides further evidence that under the assay conditions for cell-bound activity it was probably not the soluble enzyme that was actually being measured, but only the one produced by assay cells and bound to their membranes. Indeed, under virtually the same assay conditions as for ceil-bound activity, no enhancing effect Of the transformed cells supernatant could be seen in the absence of assay ceils directly attached to the fibrin substrate. On the other hand, when the assay supernatants were tested for PA activity after dilution in the appropriate buffer for detection of soluble activity, the same synergistic effect of the transformed cells-conditioned medium could be seen as for the cellbound activity. In this case, however, the enhancing effect was evident also when protein synthesis was inhibited, clearly indicating that active synthesis was not necessary, unlike for 'cell-bound' activity, for enhancement of PA activity in its soluble form.
For both cell-bound and for soluble PA activity the enhancing effect was transient, disappearing after 12 h of exposure to the transformed cells-conditioned medium, with the exception of RSV-infected cells, for which it was still evident at 24 h.
From these considerations, the following conclusions may be drawn. (i) The culture medium of RSV-transformed CEF enhances both the cell-bound and the soluble PA activity of both RSV-infected and normal uninfected cells; this effect is apparently linked to cell transformation, since RSV-infected but untransformed cells (ts NY 68-infected cells grown at 41 °C) do not show it. (ii) The enhancing effect is related neither to the presence of virus in the supernatant nor to virus infection of assay cells. (iii) The enhancement of cell-bound PA activity requires active protein synthesis, but the enhancement of soluble PA activity does not. (iv) For both normal uninfected and RSV-infected cells the enhancing effect is transient on either soluble and membrane-linked activity, except in the case of the soluble form secreted by RSV-infected cells allowed to perform protein synthesis.
Whether cell transformation and PA activity are enhanced by the same factors in TEFcontaining medium still remains to be determined. Two alternative mechanisms can be envisaged to explain both these effects. Firstly, a factor, or factors, operationally referred to as TEF, in the culture medium of transformed cells, increases the frequency of transformed cells in RSV-infected cultures, the cells in turn being responsible for the increase of PA activity. The second possibility is that TEF induces PA production in normal cells or enhances PA activity in transforming assay cells, and the resulting increase of PA activity is responsible for the enhancement of cell transformation.
Proteolytic fragments of fibronectin have recently been shown to possess TEF activity (De Petro et al., 1981) . The possibility that these fragments may also enhance PA activity is under investigation.
